INTRODUCTION
Using renewable energies, such as biomass, which are by definition carbon neutral, may drastically reduce greenhouse gas emissions. Forest products act as substitutes for politically, socially and environmentally insecure fossil fuels. In the climate change context, agricultural greenhouse gas sinks may be instrumental in removing carbon from the atmosphere by changing the vegetation cover and improving management, switching from the conventional agricultural crops to forests [1] .
In terms of using wood biomass for bioenergy and biofuels, it is important to consider not only the total yield but also the composition of biomass in relation to different energy conversion technologies. Compared with annual and perennial grasses, wood biomass in general has a higher content of lignin, lower cellulose and hemicelluloses contents, a higher energy value, a lower ash content and lower concentrations of problem elements such as K, Na, Cl, Si, and S [2] . These characteristics favour wood biomass for combustion, pyrolysis and gasification but suggest it is a less favourable feedstock for biological conversion to biofuels.
In order to use wood biomass as renewable energy sources it is necessary to provide adequate support of the state, as well as an adequately formulated national strategy, particularly in regard to the issue of using biomass as a renewable energy source.
In order to encourage the use of biomass for energy production, the Government of Serbia adopted the Action Plan for Biomass in 2010, which defined the strategy for the use of biomass as renewable energy sources, taking into account the potential of national strategies, legislation and European directives.
The Action Plan was defined as a document which should determine the measures for promoting biomass in heat production and electricity generation and transport, followed by the subsequent actions related to the common problems of biomass supply, financing and research.
Serbia, as a country with large areas of arable land and forests, has a great potential for biomass production. Biomass accounts for 63% of the total potential of RES (Renewable Energy Sources). Forests cover approx. 30% of the territory, and approx. 55% of the territory is arable land. The total energy potential of biomass in the Republic of Serbia is estimated at 2.7 million toe (tonnes of oil equivalent), and it consists of residues in forestry and wood processing industry (approx. 1.5 million toe), and the rest in farming, livestock breeding, fruit growing, growing and primary processing of fruit (about 1.7 million toe).
It is evident that approx. 80% of wood biomass is used as firewood, while the remaining 20% represents wood residues from forests and the wood processing industry. Unfortunately, Serbia still lacks significantly large areas intended for "production" of the renewable biomass for energy needs.
The technical potential for short rotation energy crops production in Croatia [4] was estimated as forest area suitable for energy crops of 46 850 ha, producing in total The establishment of "energy plantations" with relatively short rotation cycles may, in relatively short time, produce very significant quantities of wood as a renewable resource for energy production. The results pertaining to determination of calorific value of wood, and also FVI index, which takes into account values of wood density, wood ash and moisture content used for obtaining heat energy, are quoted in this paper. In that way, a more realistic picture on the energy produced from biomass defined by the volume (m 3 ), as it is common in our forest practice, was obtained.
MATERIALS AND METHODS
In this study, the wood of 4 clones of black locust Robinia pseudoacacia, 11 clones of white willow Salix alba L., 7 clones of Populus deltoides and Populus x euramericana cl.I-214, aged eight years were examined. After the selection of the characteristic sample trees (three trees in each clone) the measured parameters of growth elements were determined and the trees were felled. Sample trees were chosen as average plants based on the average diameter and height on the experimental plot. Immediately after the felling, samples discs (discs cut at breast height -130 cm) were taken to assess moisture content, ash content, width of growth rings and wood density. After the natural seasoning of samples for one month at room temperature, wood was ground into wood flour suitable for pellet pressing.
The wood density was determined on the basis of the oven-dry weight per green volume of an individual disk segment. Green volumes were obtained by soaking disk segments in water for 10 days until a constant volume was achieved. Excess moisture was removed from the surface of the sample, and each sample's water displacement (volume) was measured. The sample was then oven-dried to the constant weight at 1040C and weighed to determine the dry weight, i.e. to determine moisture content of wood samples,according to TAPPI standards T 12 wd-82. Ash content was determined by burning 5g of a oven-dried and grounded sample in a platinum crucible in a muffle furnace at 5500C±250C, (TAPPI standards, T211 m-58). All analyses were done in duplicate and the results were expressed on a dry weight basis.
Calorific value was determined for ground air-dried samples. according to ASTM E870-82 standard. The samples were combusted in the C200 IKA Werke calorimeter. However, calorific values were corrected for the moisture regained during storage. There were three replications for each sample.
Also FVI (fuel value index) was determined by the formula [5] :
RESULTS AND DISCUSSION
The results of the analysis of variances regarding the width of the growth rings for all studied species are given in Table 2 . As expected, the highest average values were recorded for all poplar clones, because the total average value was 13.51±1.54 mm. The value of the average width of growth rings for all willow clones was somewhat lower: 9.50±1.98 mm, while all black locust clones had the slowest growth, since the average width of the ring growth was 6.14±0.75 mm. Differences in the width of growth rings between the clones measured within one wood species varied considerably, especially for poplar, while the differences for black locust were less significant, i.e.
( the growth was uniform for all black locust clones. The variations between replications were statistically not significant, and there were no significant differences. These values were expected, and they were in accordance with our previous results [6, 7, 8] .
The analysis of variances of wood density in the studied clones is given in Table 3 . According to ANOVA test, variation between replications are statistically not significant The mean values of willow wood density ranged from 308 kg/m 3 to 390 kg/m 3 , that of poplar from 284 kg/m 3 to 375 kg/m 3 , while the mean value of black locust was 602±32 kg/m 3 . Differences between the clones within individual tree species were significant for poplar at the level of P= 0.001.
The results obtained in this study for willow wood were in accordance with our previous studies [6, 9, 10] . According to the data mentioned by Tharakan [11] , the values of the specific gravity of willow wood ranged from 0.33 to 0.48. Leclerq [12] , also the quoted data for specific gravity ranging from 0.337 to 0.454. According to Monteoliva [13] , the values of wood density of the 13-year-old willow wood ranged from 364 kg/m 3 to 455 kg/m 3 . Earlier investigtains in Croatia [14] concerning production of willow biomass in short rotations indicate that biomass share above the ground increased with the age, and the most productive trispecies hybrid had the most favourable relation between the plant underground and above the ground parts.
The values of wood density of black locust were in accordance with our previous results [7, 8, 15] . According to the literature, the specific gravity of black locust was approx. 0.69 [16, 17, 18] . Geyer and Walawender [19] determined the values of the specific gravity for 7-year-old black locust wood to be 0.58. It was also in accordance with the results of Hernea [20] , who found that the average values of several black locust clones ranged from 532 kg/m 3 to 648 kg/m 3 (basic wood density). The values of poplar wood density were in good correlation with the studies carried out on a continual basis by the Institute of Lowland Forestry and Environment at Novi Sad. As it is well-known, the values of the wood density for the clone I-214 were the lowest (approx. 300 kg/m 3 ), while the clones of P. deltoides had significantly higher values of wood density [21, 22] . The results of the research conducted in Croatia [23] confirm that even at such a young plantation age (5 to 7 years), the quality of particular habitat of some poplar clones has conditioned modifications in average clone values of growing stock and survival. They also indicate the amount of production to be expected from the mixture of these clones or from the cultivation of particular clone.
Since the ash content of wood is very significant if wood is used as fuel, all the studied clones were analysed to determine their ash content. Although it is known that the content of the inorganic compounds of wood in the mentioned tree species is low (generally does not exceed 1%), for the calculation of the FVI index accurate values were needed, which are given in Table 4 .
Significant differences in values of observed wood characteristics between the studied clones were analysed and proven for all studied tree species, while the differences between replications within the same clone were statistically insignificant. The ash content of the black locust tree was higher compared to that of poplar and willow, which influenced the values of the FVI index of the studied tree species.
The energy yield is a relevant criterion for using biomass as fuel. In relation to the harvested biomass, the energy yield was mainly determined by the contents of energyrich compounds, such as lignin, resin or cellulose. The mean energy content related to the dry matter of biomass is, therefore, a stable feature within a particular type of biomass and more or less independent of external factors. The average heating values of the analysed poplar clones (Table 5) , ranged in a very narrow interval from 18.254 MJ/kg (clone S6-36) to 18,812 MJ/kg (clone S1-7). This corresponded fully with the values of our previous research [6, 20] , and the values reported by Ciria et al. [24] for the heating values of poplar wood (3-5-year-old stem and branches) 18.1MJ/kg to 18.3 MJ/kg. Benetka et al. [25] for the 1 to 3-year-old poplar clones (wood at breast height and the basal part, and branches) reported heating values from 18.60 MJ/kg to 19.27 MJ/kg.
The calorific values of willow wood were very similar and ranged from 18.028 MJ/ kg (clone 347) to 18.993MJ/kg for the NS-73/6 clone (on average 18.599 MJ/kg). These values were in accordance with the values from our previous studies [7, 9] , and with the values obtained by Szczukowski et al. [26] , and Tharakan et al., [27] , approx. 19 MJ/kg. Higher heating values for black locust ranging from 20.396 MJ/kg to 21.956 MJ/kg significantly differed among the clones (P=0.001), and were somewhat higher than the cited in references: 19.578 MJ/kg [14] ; 18.858 MJ/kg [19] for 7-year-old trees, i.e. from 17.72 MJ/kg to 18.14 MJ/kg [28] . The FVI index (average values) was higher for black locust (17.186) than for poplar and willow clones, which were similar: 11.312 and 11.422 respectively. The statistical analysis of FVI index values for willow clones showed significant interclonal differences (P=0.001), and the values (Figure 1 ) ranged from 9.110 (min) for the clone NS 79/2 to 14.648 (max) for the clone 107/65-7. The values of the FVI index for the tested poplar clones ranged from 10.646 (clone S6-36) to 12.322 (clone S1-7) with interclonal difference at P=0.01 probability.
FVI index values of black locust tree shown in Figure 1 were significantly higher compared to the values of poplar and willow and ranging from 14.931 (clone R113) to 19.630 (clone R56). This is quite logical since the FVI index takes into account the values of wood density and ash content. A high ash content is less desirable for fuel wood as it non-combustible and reduces the heat of combustion. The results of the calculated FVI indexes indicated that a higher value of wood density may contribute to the heating value of wood combustion. In fact, although the ash content of black locust was higher compared to that of poplar and willow, the higher calorific value and black locust wood density had a decisive influence.
CONCLUSIONS
Black locust wood with a higher density, a higher calorific value and a higher ash content compared to poplar and willow wood proved to be the more suitable raw material that may be used as a renewable energy source, regarding the production of heat energy (by combustion) per biomass weight (kg).
However, it is very important, from the aspect of the application of wood of these tree species as renewable raw materials for energy, to also consider the influence of the biomass annual yield per unit area of the plantations established as "energy plantations".
In fact, although the three studied wood species belong to the group of fast growing deciduous species, it is necessary to determine the yield of biomass per hectare and to estimate the quantity of energy that may be produced by a comparative analysis. The stands may be established on the same soil types, under similar technological conditions -the type of planting material, stand density (the number of plants per hectare), the duration of the rotation cycle, the number of cycles, the way of stand regeneration after felling, supplementary nutrition and protection regimes, etc. Only after such a comprehensive analysis an assessment of the suitability of certain wood species as energy raw materials may be given. Wood density and calorific value may be used as useful parameters for determining harvest rotation cycles, particularly for short rotation plantations. However, decisions would be specific for each wood species on a given site. Both the biomass production and soil quality are important considerations to determine the optimum cutting age for fast growing energy plantations. These results indicate the possibility of energy production from whole very young trees from short rotation plantations, chipped together with branches and bark, which would significantly increase the energy potential due to the relatively large share of the bark and its high calorific value Based on the testing and research conducted in Croatia [4] , considerable potential for short rotation energy crops production recognized. Currently a very small ammount of the avaliable area is utilised, and issues and problems to be addressed in order to increase this production include a change in policy approach.
